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Description 

This invention relates to phased array antennas 
and, more particularly, to a system for forming a 
beam of radiation at various frequencies of radi- 
ation. 

Arrays of radiating elements are utilized for 
forming beams of radiant energy for both elec- 
tromagnetic energy and sonic energy. In the case 
of sonic energy, the beams are generally formed 
by transducers of a sonar system. In the case of 
electromagnetic energy, the radiating elements 
may take the form of dipoles or other form of 
radiating elements. In both the cases of electro- 
magnetic and sonic energies, beam-steering units 
form the beam and direct the beam by the control 
of delay or phase shift of the radiant energy from 
one radiating element relative to the radiant energy 
from a second radiating element of the array. The 
beam may be made to scan across a region of 
space, or may be made to jump from region to 
region as in the case of the tracking of targets 
located in different directions from the antenna. 

While the invention is useful in all of the fore- 
going situations, it is most readily described for the 
case of a scanning antenna radiating electromag- 
netic energy as in the case of a phased-array 
antenna of a microwave landing system for aircraft 
at an airport. Therein, a beam scans back and forth 
to both sides of a runway for use by an incoming 
aircraft in the generation of guidance signals which 
guide the aircraft to the runway. Typically, such a 
beam would be scanned approximately 30* to 
either side of the runway. 

A problem arises in that the beam-steering unit 
is designed to produce a beam at a specific fre- 
quency of electro-magnetic energy. However, in 
the foregoing microwave landing system (MLS), it 
is desirable that the . beartvforming. be accom- 
plished over a range of frequencies so as to ac- 
commodate different signal channels, each char- 
acterized by its own frequency, for use by respec- 
tive ones of the incoming aircraft. 

One attempt at solution of the foregoing prob- 
lem is the utilization of beam-steering units which 
have been adapted to form beams at each of a 
number of frequencies. Typically, a beam-steering 
unit includes a memory for storing data as to the 
requisite phase shift where phase shifters are uti- 
lized, or delay where delay units are utilized, for 
each radiating element for each direction in which 
the beam is to be pointed relative to the antenna 
array. In the case of a scanning antenna, many 
incremental steps in direction are provided, with 
each step being less than a beamwidth, so that the 
beam appears to be smoothly scanned through 
space even though it is, in fact, being scanned by 
a rapid succession of steps in direction. The fore- 



going storage of phase data or delay data would be 
repeated for a second frequency and for a third 
frequency, and again for still further frequencies, in 
the case where the beams are to be formed at 
s different frequencies of radiation. Thereby, the 
beam-steering unit is able to form and steer the 
beams at different frequencies of radiation. 

The document JP-A-5665504 describes such a 
system. 

70 The foregoing solution to the problem is disad- 

vantageous in that it requires far more storage than 
would be required for the single frequency case. 
The disadvantage is manifested both in terms of 
system cost and system complexity. In the case of 

75 an MLS wherein redundant circuits may be utilized 
to obtain high reliability, the disadvantage of the 
utilization of additional memory becomes magni- 
fied. 

The foregoing problem is overcome and other 
20 advantages are provided by a beam forming sys- 
tem which incorporates the invention to provide for 
the multiple frequency capability without the need 
for the additional storage of phase or delay data for 
each of the frequencies at which the antenna is to 
25 radiate. While the invention is equally applicable to 
systems employing either phase shifters or delay 
units, the description of the invention is facilitated 
by considering a specific scanning system utilizing 
phase shifters. 

30 The theory of the invention can be understood 

with reference to the formulation of the amount of 
phase shift required to direct a beam in a specific 
angle relative to the array. As is well known, the 
requisite phase shift is proportional to the spacing 

35 between two radiating elements, to the frequency, 
and to the sine of the angle between the beam and 
a normal to the array. A separate set of date is 
stored for each angle, and also for each radiating 

element to accommodate the various distances ber, ~ .... 

40 tween one element and its neighbors. It is also 
noted from the foregoing formulation that a shift in 
frequency has the same effect as a shift in the sine 
of the angle. 

To compensate for a shift in frequency, the 

45 beam-steering unit of the invention commands a 
value of the sine of an angle other than the one to 
which the beam is to be pointed. Thereby, the 
beam actually points in a direction closely approxi- 
mating the desired angle. The invention is most 

50 useful in the situation of the scanning beam 
wherein the scanning takes place, as noted above, 
by a sequence of stepwise increments of the beam 
direction. By commanding a value of sine of the 
angle, somewhat different from the sine of the 

55 actual angle desired, a sequence of stepwise incre- 
ments in the beam direction still results. There may 
be more or less steps, depending on whether the 
instant frequency is greater than or less than the 
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design frequency for which the data is stored in the 
memory. Thus, the resultant sequence of steps 
may be more coarse or more fine than the steps of 
the original sequence. However, as long as the 
resulting steps are smaller than the beamwidth, an 5 
incoming aircraft still responds as though there is a 
continuously scanned beam. 

With respect to the design of the electrical 
circuitry of the beam forming unit of the invention, 
it is recognized that for a beam pointing straight 10 
ahead of the array, the sine is zero at all fre- 
quencies. And for slight deviations in beam direc- 
tion from the normal to the array, there are rela- 
tively small differences in the sine at the various 
frequencies for which the array is to radiate. How- 75 
ever, at relatively large angles of deviation of the 
normal to the array, such as 30', the resultant 
differences in phase shift may have passed 
through many multiples of 360 0 , depending on the 
length of the array relative to a wavelength of the 20 
radiation. Thus, it is appreciated that in directing 
the offset commands of the sine, and considering 
that the multiples of 360* phase shift are to be 
dropped in the designation of the phase shift of an 
individual phase shifter, the largest changes in the 25 
stepwise increments of beam direction occur for 
the largest deviations of the beam direction from 
the normal to the array. As the beam scans past 
the normal to the array, the changes in the steps 
become smaller and, accordingly, the beam steer- 30 
ing commands essentially "catch up n with the 
beam-steering commands for radiation at the de- 
sign frequency. 

The foregoing aspects and other features of 
the invention are explained in the following descrip- 35 
tion, taken in connection with the accompanying 
drawing wherein: 

Fig. 1 is a diagramatic view of an array of 
. radiating elements- ot a phased-array antenna 

showing differences in phase shift resulting from 40 

a wavefront of radiation angled relative to the 

array; 

Fig. 2A shows two sets of stepped beam posi- 
tions, the solid lines designating beams at a 
lower frequency while the dashed lines indicate 45 
beams at a higher frequency; 
Fig. 2B shows beam angle, relative to a normal 
to an array of Figs. 1 and 2A, as a function of 
scanning time, Fig. 2B also showing beam point- 
ing error in the absence of the frequency com- 50 
pensation of the invention, and a negligible re- 
sidual error resulting from the frequency com- 
pensation of the invention; 
Fig. 3 is a block diagram of phase shift and 
transmitter circuitry for use with the array of Fig. 55 
1; 

Fig. 4 is a block diagram of circuitry pf the 
invention for applying command signals to the 



. phase shifters of Fig. 3 for stepping the beam 
direction in accordance with the invention; and 
Fig. 5 is a diagrammatic presentation of the 
contents of a programmable read-only memory 
of Fig. 4 for commanding an increment in a 
phase angle of individual ones of phasors of 
Figs. 3 and 4; and 

Fig. 6 is a further diagrammatic presentation of 
the programmable read-only memory of Fig. 5 
showing the portion of the memory employed 
for scanning a beam at different frequencies of 
radiation. 

With reference to Figs. 1 and 2A, an incident 
wavefront of radiant energy impinges upon the 
array of radiating elements from a direction offset 
from a normal to the array. The spacing between 
the elements of the array, the wavelength, the 
angle of the direction of propagation, and the 
phase shift are all identified by symbols shown in 
Fig. 1. Since the mathematical description of the 
requisite phase is the -same for both an incoming 
and an outgoing beam of radiation, the description 
applies equally well to transmitted and received 
beams. In particular, it is noted that Fig. 1 provides 
the mathematical formulation for the requisite 
phase shift for each element of the array, the 
requisite phase shift being dependent on the num- 
ber of elements between which the phase shift is 
measured, the frequency of the radiation, and on 
the sine of the angle of propagation relative to a 
normal to the array. 

A shift in frequency or wavelength, a lower 
frequency being associated with a longer 
wavelength, results in a shift in beam position as 
depicted in Fig. 2A. This is in accord with the 
formula presented in Fig. 1 which shows that the 
required phase shift varies with the wavelength. 
Thus, a shift in frequency without a corresponding 
change in the command to the. phase ^shifters {to J- 
be described subsequently) results in a shifting of 
the beam position for all beams other than the 
beam pointing straight ahead of the array. 

The mathematical relationships presented in 
Fig. 1 show the effect of beam pointing angle as a 
function of radiation frequency in terms of center, 
or midband, values of wavelength and frequency. 
The mathematical relationships show that the sine 
of the beam pointing angle varies inversely with the 
radiation frequency. As depicted in Fig. 2A, a de- 
crease in radiation frequency from the center fre- 
quency offsets the beam away from the center 
beam position, while an increase in frequency off- 
sets the beam towards the center position. This 
shift is observed for a fixed value of phase shift. A 
different value of the phase angle produces each of 
the three beam positions of Fig. 2A. 

Fig. 2A also demonstrates the scanning of a 
beam for an MLS, the scanned beam being re- 
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ceived by an incoming aircraft flying towards the 
array. While only a few beam positions are shown 
in Rg. 2A, it is to be understood that many steps of 
beam scanning are employed, the steps being suf- 
ficiently close together such that the incremental 
changes in direction are less than a beamwidth so 
that a receiver within the aircraft responds as 
though there were a continuously moving beam. In 
Fig. 2A, the set of phase-shift commands for each 
beam direction is indicated by a subscript. Thus, it 
is seen that, at each beam position, both the beam 
at the lower frequency and the beam at the higher 
frequency have the same phase-shift command. 
However, the resulting beam positions are offset 
from each other due to a shift in the wavelength 
and frequency, as noted above. As a practical 
matter, in the design of the preferred embodiment 
of the invention, the design frequency is set at the 
highest frequency of interest, with all of the other 
frequencies which are to be accommodated being 
at lower frequencies than the design frequency. By 
setting the design frequency at the highest fre- 
quency of interest, there are more values of stores 
phase shift data which permit a reduction in the 
coarseness of the steps in direction for the step- 
wise scanning at the frequencies lower than the 
design frequency. 

In Fig. 2B, three graphs are presented in time 
registration with each other to show beam direction 
and error as a function of scanning time, as a 
beam of Rg. 2A is scanned about the antenna 
array of Fig. 2A. The upper graph depicts a vari- 
ation in beam direction as a function of frequency 
in the absence of the frequency compensation of 
the invention. A linear scan at the center radiation 
frequency as a function of scanning time, is in- 
dicated by a dashed line. A beam at a lower 
radiation frequency would tend to deflect with a 
y, greater-bangle than -is -desired and a beam at higher 
radiation frequency would deflect at a lesser angle 
than is desired. The deflections of the higher and 
lower frequency beams are indicated by solid lines, 
and result in a nonlinear error as shown in the 
second graph. 

In accordance with a feature of the invention, 
the effect of the frequency shift on beam position is 
compensated by commanding a different value of 
phase shift as a function of scanning time, and 
dependent on a selected value of radiation fre- 
quency. Thereby, either of the solid lines of the 
first graph, corresponding to either the low fre- 
quency or the high frequency situation, is made to 
coincide with the dashed line to produce a linear 
relationship between beam direction and scanning 
time. As a result of this compensation for different 
values of radiation frequency, the beam pointing 
error is reduced to essentially an insignificant re- 
sidual error depicted in the third graph of Rg. 2B. 



The construction of the system of the invention to 
provide for the foregoing frequency compensation 
will now be described with reference to Rgs. 3-6. 
With reference also to Rg. 3, there is shown an 

5 antenna array 20 having radiating elements 22 cor- 
responding to the array of the elements of Rgs. 1 
and 2A. The radiating elements 22 are coupled by 
phasors 24 and a power divider 26 to a transmitter 
28. The transmitter 28 provides electromagnetic 

10 power which is divided by the divider 26 among 
the respective elements 22. The electromagnetic 
power flows through the phasors 24 which impart 
the requisite phase shift so that the power radiates 
from the respective elements 22 with the requisite 

rs phase shifts to produce one of the beams shown in 
Rg. 2A. Each of the phasors 24 in the preferred 
embodiment of the invention is constructed with a 
digitally operated phase shifter 30 and a counter 32 
which provides a multidtgit signal to activate the 

20 respective sections of the phase-shifter 30. A scan 
PROM 34 (programmable. read-only memory) pro- 
vides signals to each of the counters 32 which 
increment their respective counts to the required 
values of phase-shift command. Each of the phas- 

25 ors 24 includes a decoder 35 connected between 
the scan PROM 34 and the counter 32 for decod- 
ing a phasor identification signal transmitted by the 
PROM 34, thereby insuring that the increment 
command signals of the PROM 34 are properly 

30 identified and applied to the respective ones of the 
phasors 24. 

While each of the phasors 24 employ a digital 
phase-shifter 30 operated by a counter 32, it is to 
be understood that other circuitry can be utilized 

35 for directing the command to the phase shifter 30. 
For example, in lieu of the counter 32 and the 
PROM 34, an alternative form of memory could be 
utilized for applying directly a multi-digit signal to 
the phase-shiftera 30. -However^due to-the. fact that 

40 the antenna system employing the invention gen- 
erates, only a scanning beam for an MLS, it has 
been found useful to employ the counter 32 with 
the PROM 34 storing sets of commands for incre- 
menting the respective counts of the counters 32 to 

45 the required phase-shifts. 

With reference also to Rg. 4, a beam scanning 
unit 36 comprises the phasors 24 and the scan 
PROM 34 previously seen in Rg. 3. The unit 36 
includes a CPU 38 (central processing unit) and a 

so timer 40 which are driven by a clock 42. Clock 
pulses from the timer 40 are passed by an AND 
gate 44 to an address controller 46. The address 
controller 46 includes a counter (not shown), and 
provides an address to the PROM 34, the address 

55 being incremented by the counter of the controller 
46 in response to the reception of clock pulses 
from the gate 44. The beam scanning unit 36 
further comprises an address controller 48, a 
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PROM 50 storing data with respect to frequency 
and the sine of the beam pointing angle, and a 
switch 52 which selects an output terminal of the 
PROM 50 in response to a control signal from the 
CPU 38. 

A graph 54 shows two sets of digital signals in 
temporal registration with each other, the upper set 
being coupled by the line 56 from the timer 40 to 
the gate 44 while the signals of the lower set are 
coupled by the line 58 from the switch 52 to the 
gate 44. A graph 60 describes the digital signals 
outputted on a bus 62 by the PROM 34, the signals 
being applied by the bus 62 to respective ones of 
the phasors 24. 

In operation, the CPU 38 provides signals to 
the timer 40, the phasors 24, the controller 48 and 
the switch 52 to provide the desired scanning of a 
beam from the array 20. The controller 48 includes 
a counter (not shown) which increments in re- 
sponse to pulses from the timer 40, the counter 
providing a sequence of addresses to the PROM 
50. The memory of the PROM 50 is divided in 
sections, one section corresponding to the central 
frequency of each band of received channels to be 
utilized in the MLS for guiding the aircraft of Fig. 
2A. For example, in the usual MLS wherein there 
are 200 separate receiver channels, it has been 
found adequate to divide the spectral space into 24 
separate bands for transmission by the antenna 
array 20 of Figs. 2A and 3. Each section of the 
memory of the PROM 50 is set for the center 
frequency of one of the foregoing frequency bands. 
All of the sections of the PROM 50 are simulta- 
neously addressed by the controller 48, the ad- 
dress commanding a specific beam angle for di- 
recting the beam of Fig. 2A. The individual sections 
of the PROM 50 have corresponding output termi- 
nals of which one is selected by the switch 52. 
— Depending upon whether a wide scan or a. 
narrow scan is desired, the CPU 38 presets the 
counter of the controller 48 to a desired beam 
angle after which the addresses provided by the 
controller 48 are incremented by the timer pulses 
for stepping the beam of Fig. 2A to provide for the 
scanning of the beam. The data stored in the 
PROM 50 is of relatively simple form, the data 
being simply a set of signals designating the incre- 
ment or non-increment of the counter of the con- 
troller 46. The resulting clock pulses exiting from 
the PROM 50 via the switch 52 are of the same 
form as the pulses of the timer 40, the two sets of 
pulses differing only in respect to the presence and 
absence of certain pulses; the two sets of pulses 
are coupled via the lines 58 and 56 to the AND 
gate 44. 

The scan PROM 34 stores data with respect to 
the phase-shift commands for operation of the 
phasors 24. Since the phasors 24 have been con- 



structed with counters 32, the phase-shift com- 
mands provided on bus 62 have the format of a 
sequence of digital words each of which comprises 
a field of digits which identify a phasor, followed by 

5 a pulse which increments the count of an individual 
one of the counters 32. 

With respect to the construction of the phasors 
24, it is noted that the phase-shifters 30 comprise 
sections of well-known diode phase-shifters of mi- 

10 crowave energy. Each section of the phase-shifter 
30 includes well-known transmission lines, such as 
waveguides, having a length equal to an integral 
number of quarter wavelengths. One segment pro- 
vides phase-shift in increments of 180°, a second 

75 section in increments of 90 * , and a third section in 
increments of 45*. While only three sections are 
shown in the diagram of Fig. 3, it is to be under- 
stood that a fourth section having increments of 
22.5* is advantageously employed and that, if de- 

20 sired, a still further section for yet finer control of 
the beam may be utilized. In the case of four 
sections, the counters 32 count modulo-16. The 
counters 32 include a preset terminal and an 
up/down terminal for receiving signals from the 

25 CPU 38 to designate a starting count and incre- 
ments therefrom. Thus, by receipt of a specified 
number of increment pulses along bus 62, a coun- 
ter 32 can be driven to any desired output count. 
Each output line of the counter 32 carries one digit 

30 of the count. Each of these lines is coupled to a 
corresponding one of the sections of the phase- 
shifter 30 for driving that section. Each output line 
of the counter 32 provides a logic 1 or a logic 0 
depending on the value of the output count. The 

35 logic 1 signals activate the corresponding sections 
of the phase-shifter 30 to which the output signals 
of the counter 32 are applied. Thereby, the micro- 
wave signals receive a phase-shift equal to the 
...sum of-the pha^e^shifts introduced by the individ- 

40 ual sections of the phase-shifter 30. 

As a useful feature in the implementation of the 
invention, it is noted that the steps in the scanning 
direction are sufficiently small such that for any 
one step the phase shift imparted by any one of 

45 the phase shifters 30 may remain unchanged, or 
may be changed by the smallest phase increment, 
plus or minus 22.5 * in the case of a four-element 
phase shifter. But such change is never greater 
than the foregoing smallest phase instrument. Ac- 

50 cordingly, the count of a counter 32 of a phasor 24 
is never altered by more than a count of one for 
each stepwise increment in beam position during a 
scanning of the beam. As a result, the scan PROM 
34 sends simply a logic 1 or logic 0 (in addition to 

55 the phasor identity) and the CPU 38 sends an 
up/down signal to a phasor 24 at each step of a 
scan. The CPU 38 also sends a reset signal to the 
counter 32 in each phasor 24 for initializing the 
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value of the count at a convenient point in the 
scanning process. For example, a reset to zero 
may be employed when the beam passes by the 
center positipn, this being zero degrees beam an- 
gle, in each sweep of the scan. 

In accordance with the invention/the average 
repetition frequency of pulses on line 58 is equal to 
one-half of the repetition frequency of the pulses 
on line 56 at the design frequency of the beam 
scanning unit 36. For lower values of frequency, 
pulses may be added to, or deleted from the line 
58. The pulses on line 58 serve to gate the pulses 
on the line 56 through the gate 44, the absence of 
a pulse on line 58 serving to blank the appearance 
of a pulse on line 56. Thereby, the number of clock 
pulses on line 56 from the timer 40 which are 
applied to the controller 46 depends on the pres- 
ence of a pulse on line 58. By way of comparison 
with a single frequency system, the PROM 50 
along with the controller 48 and the switch 52 
would be deleted, and pulses from, the timer 40 
would be applied at one-half the . present rate di- 
rectly to the controller 46. It is the presence of the 
PROM 50 with the controller 48 and the switch 52 
which apply the gating pulses via the gate 44 that 
convert a single frequency system to a multiple- 
frequency beam-scanning unit 36 of the invention. 

The counter in the controller 46 is preset by a 
signal from the CPU 38 and, thereafter, counts 
clock pulses supplied by the gate 44. Depending 
upon whether a wide scan or a narrow scan is 
desired, the CPU 38 presets the counter of the 
controller 46 to a desired count for addressing the 
PROM 34 the count providing the desired beam 
angle at the start of a scan. Thereafter, the count of 
the controller 46 is incremented by the clock 
pulses supplied by the timer 40 via the gate 44 for 
stepping the beam of Rg. 2A to provide for the 
scanning of the .beam. The CPU 38 also, applies an. 
enable signal to the counter of the controller 48 
during each scan interval. A scan interval termi- 
nates upon termination of the enable signal, at 
which point further addressing of the PROM 50 and 
further flow of gating pulses on line. 58 are termi- 
nated. By virtue of the presetting of the counter of 
the controller 46 to the beam starting position in a 
scan, and by terminating further incrementing in 
the addressing by the controller 46 at the final 
beam position in a scan, the PROM 34 is activated 
to provide the phase command signals for the 
desired range of scan. 

The operation of the scan PROM 34 under a 
control of the controller 46 may be further under- 
stood with reference to Figs. 5 and 6. In Rg. 5, the 
horizontal axis represents increments of time dur- 
ing an interval of scan, each increment of time 
corresponding to an individual address of the 
PROM 34. The vertical axis represents identifica- 



tion numbers of the phasors 24. In order to accom- 
plish a full scan at the highest radiation frequency, 
the entire contents of the PROM 34 is outputted to 
the phasors 24. With each address from the con- 
5 troller 46, the PROM 34 advances to the next 
location on the horizontal axis of Fig. 5 to output 
incrementing pulses 64 shown stored at various 
locations in Rg. 5. 

Rg. 6 is a simplified representation of the 

io graph of Rg. 5 with the PROM address being 
presented on the horizontal axis. For a full scan at 
the highest radiation frequency, the controllers 46 
and 48 are both preset by the CPU 38 to the 
address shown at the left side of Fig. 6. Scanning 

75 continues until the address at the right side of Fig. 
6 is reached. For a full scan at the lowest radiation 
frequency, the range of addresses is reduced as 
indicated in Fig. 6. As shown in Fig. 2A, in the case 
of the lower radiation frequency, the beam tends to 

20 deflect through a greater scan angle than is the 
case for the higher radiation frequency even 
though the phase angle is the same. Accordingly, 
the full scan at any frequency is to be attained by 
using more or less of the stored phase increment 

25 commands of Fig. 5 in accordance with the se- 
lected radiation frequency. By way of example, by 
use of approximately 20,000 time increments and 
addresses on the horizontal axis of Rg. 5, with 
each time increment being 50 microseconds dura- 

30 tion, a complete scan can be executed in one 
second. For a scan of approximately 40 degrees to 
either side of center, this being a total scan sector 
of 80 degrees, the foregoing 20,000 addresses 
provides for very small increments in beam angle, 

35 namely 250 addresses per degree of beam angle. 
Such small increments in beam angle permit the 
scanning unit 36 to operate without requiring an 
increment greater than a count of one to a counter 
32 of a phasor 24 during the scanning of -the beam. 

40 In the foregoing addressing of the PROM 34, 

as depicted in Figs. 5 and 6, irrespectively of 
whether the complete contents of the PROM 34 are 
employed, or whether only a portion of the con- 
tents of the PROM 34 are employed, the total 

45 elapsed time of a single scan is the same. At lower 
frequencies, wherein less storage regions of the 
PROM 34 are addressed, additional intervals of 
time are made up by logic zeros appearing in the 
pulse train on line 58 as depicted in the graph 54. 

so More logic zeros appear on line 58 for the lower 
frequencies than at the higher frequencies. This 
accounts for the increased number of addresses 
appearing in a single scan for the higher frequency 
radiation than the lower frequency radiation. 

55 Thereby, the beam-steering unit 36 compen- 

sates for changes in frequency of the transmitted 
radiation by altering the commanded angle to the 
PROM 34 which, in turn, makes a corresponding 
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change in the commanded phase shift by the 
phase shifters 30. The phasors 24 then institute a 
phase shift which closely approximates the. amount 
of phase shift actually required to steer the beam 
to the desired angle at the new frequency of the 
radiation. While the total number of. steps appear- 
ing in the incrementally stepped scan may differ as 
a function of frequency, there are a sufficient num- 
ber of steps to provide increments in direction 
which are smaller than a beamwidth so as to pro- 
vide the appearance of a smoothly scanned beam. 
In accordance with the invention, the foregoing 
features have been attained by use of only one 
PROM 34 storing phase shift commands for the 
single frequency case. The only other stored data 
required is that of the PROM 50, which date relates 
to the addressing of the PROM 34 to accomplish 
the skipping (or addition) of steps to the scan. 

Claims 

1. Multiple frequency antenna apparatus for op- 
erating at a selected frequency within a 
preselected frequency band defined by a first 
frequency and a second frequency, said ap- 
paratus comprising: 

a phased array antenna (20); 

a set of phase shifters (24, 30) coupled to 
elements (22) of the antenna for imparting 
phase shift to radiant energy of the elements; 

a memory (34) coupled to said phase shift- 
ers for commanding phase shift to respective 
ones of said phase shifters to steer a beam of 
the radiant energy at the selected frequency to 
a commanded angle relative to said antenna; 

an address circuit (46) for addressing said 
memory with said commanded angle to pro- 
vide said phase shift; and 

an altering circuit,^ 48,-50^-52) .coupled.. ..- 
to said address circuit (46) for altering said 
address in accordance with a change in said 
selected frequency of said radiant energy; 

characterised in that: 

said memory (34) stores only phase shifts 
associated with a predetermined frequency 
within said frequency band; and 

said altering circuit includes a further 
memory (50) storing a set of data for each 
angle between the beam and a normal to the 
array and for each said element for altering 
said address by an amount substantially com- 
pensating for the change in said selected fre- 
quency to provide substantially the required 
phase shift for the commanded beam angle for 
radiation at the changed selected frequency. 

2. Apparatus according to Claim 1 further charac- 
terised by a central processing unit (CPU, 38) 



coupled to said address circuit to provide a 
sequence of addresses for a step-wise scan of 
said beam of radiation. 

5 3. Apparatus according to Claim 2 further charac- 
terised by a timer (40) for providing a se- 
quence of clock pulses, and wherein said ad- 
dress circuit is implemented in response to 
receipt of said clock pulses, said further mem- 

io ory (50) storing sequences of clock pulses 

corresponding to the difference between the 
selected frequency and the predetermined fre- 
quency, a train of clock pulses from said fur- 
ther memory (50) being coupled with a train of 

75 clock pulses from said timer to provide a gat- 

ing of said clock pulses of said timer for alter- 
ing the amount of incrementing of said address 
circuit. 

20 4. Apparatus according to Claim 3 characterised 
in that said altering, circuit includes a gate (44) 
coupled between said timer and said address 
circuit to provide said gating of said clock 
pulses of said timer. 

25 

5. Apparatus according to Claim 4 characterised 
in that said CPU is coupled to said phase 
shifters and to said address circuit (46) for pre- 
setting said phase shifters and pre-setting said 

30 address circuit for scanning a beam of radiant 

energy at the predetermined frequency. 

6. Apparatus according to Claim 4 characterised 
in that said sequences of clock pulses stored 

35 within said further memory (50) comprises a 
set of clock pulses (54) spaced apart with 
differing temporal spacings, the format of 
spacing of the clock pulses for one frequency 
of radiant energy within the preselected. -fre^. 

40 quency band differing from the format of the 

clock pulses for another frequency of the ra- 
diant energy within the preselected frequency 
band whereby the average pulse repetition fre- 
quency of the stored sequence of clock pulses 

45 at one frequency of the radiant energy differs 

from the average pulse repetition frequency of 
the stored sequence of clock pulses at another 
frequency of the radiant energy. 

so 7. Apparatus according to Claim 6 characterised 
in that the changes in direction of said beam of 
radiation relative to said antenna occurring with 
each step of said step-wise scan is less than a 
beamwidth to approximate a continuously 

55 scanned beam at a plurality of differing fre- 

quencies within the preselected frequency 
band of said radiant energy. 
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8. A method of step scanning a phased array 
antenna for operating at a selected frequency 
within a preselected frequency band defined 
by a first frequency and a second frequency, a 
set of phase shifters (24, 30) being coupled to 
elements (22) of the antenna for imparting 
phase shift to radiant energy of the elements; 

characterised by: 

(a) storing in a memory (34) a set of phase 
shift commands as a function of beam angle 
for each- of said phase shifters at a pre- 
determined frequency of radiation within 
said frequency band; 

(b) sequentially addressing said storage to 
provide for a scanning of a beam at said 
predetermined frequency of radiation of said 
antenna; and 

(c) altering said addressing in a sequence 
of addresses for said scanning, said altering 
being done as a function of the difference 
between the predetermined frequency and 
the selected frequency of the radiant energy 
to provide for compensation in the relation- 
ship of commanded phase shift versus the 
selected frequency as a function of beam 
angle. 

9. A method according to Claim 8 characterised 
in that said addressing is accomplished by 
incrementing a count of clock pulses (40), and 
wherein said altering is accomplished by gat- 
ing out (via 44) certain ones of said clock 
pulses to provide an average repetition fre- 
quency of counted clock pulses which differs 
as a function of the difference between the 
predetermined frequency and the selected fre- 
quency of radiant energy of said antenna. 

10. A method-. according- to.CJaim-a.characterised 
in that said gating is accomplished by storing 
sequences of clock pulses (54) spaced apart 
by differing amounts of temporal spacing: 

11. A method according to Claim 10 characterised 
. in that said gating is further accomplished by 

varying the temporal spacing of the stored 
sequences as a function of scan angle (50) to 
provide a rate of incrementing at frequencies 
between the first and second frequencies 
which is equal to a rate of incrementing at said 
predetermined frequency for beams of radi- 
ation directed substantially at a normal to the 
array. 

12. A method according to Claim 11 further 
characterised by an implementing of phased 
shift commands by counting incrementing 
pulses of a sequence of such pulses in a 



stored phase shift command, said counting 
including a coupling of a resulting count to 
phase shifters connecting with radiating ele- 
ments of said antenna. 

5 

PatentansprUche 

1. Mehrfrequenzantennenanordnung zum Betrieb 
mit einer ausgewahlten Frequenz innerhalb ei- 

10 nes vorausgewShlten Frequenzbandes, das 

durch eine erste Frequenz und durch eine 
zweite Frequenz definiert ist, wobei die Anord- 
nung folgendes aufweist: 
eine phasengesteuerte Gruppenantenne (20); 

75 einen Satz von Phasenschiebern (24, 30), die 

an Strahler (22) der Antenne angekoppelt sind, 
urn der Strahlungsenergie der Strahler eine 
Phasenverschiebung zu geben; 
einen an die Phasenschieber angekoppelten 

20 Speicher (34> zum Vorgeben einer Phasenver- 

schiebung eines jeweiligen der Phasenschie- 
ber, um einen Antennenstrahl mit der ausge- 
wahlten Frequenz in einen vorgegebenen Win- 
kel in Bezug auf die Antenne zu steuem; 

25 eine Adressierschaltung (46) zum Adressieren 

des Speichers mit dem vorgegebenen Winkel, 
um die Phasenverschiebung zu liefern; und 
eine an die Adressierschaltung (46) angekop- 
pelte Umschaltschaltung (38, 48, 50, 52) zum 

30 Umschalten der Adresse entsprechend einem 

Wechsel in der ausgewahlten Frequenz der 
Strahlungsenergie; 
dadurch gekennzeichnet: 
daB der Speicher (34) lediglich einer vorbe- 

35 stimmten Frequenz innerhalb des Frequenz- 

bandes zugeordnete Phasenverschiebungen 
speichert; und 

daB die Umschaltschaltung einen weiteren 
Speicher (50) aufweist, der einen JDatensatz4Ur - 

40 jeden Winkel zwischen dem Strahl und einer 

Normalenrichtung bezGglich der Gruppe sowie 
fOr jeden Strahler speichert, um die Adresse 
um einen den Wechsel in der ausgewahlten 
Frequenz im wesentlichen kompensierenden 

45 Wert zu verSndern, damrt im wesentlichen die 

erforderliche Phasenverschiebung fUr den vor- 
gegebenen Strahlwinkel zum Abstrahlen mit 
der verSnderten ausgewahlten Frequenz gelie- 
fert wird. 

50 

2. Anordnung nach Anspruch 1, auBerdem ge- 
kennzeichnet durch eine zentraie Verarbei- 
tungseinheit (CPU, 38), die an die Adressier- 
schaltung angekoppelt ist, um eine Folge von 

55 Adressen fUr ein schrittweises Schwenken der 

Strahlungskeule zu liefern. 
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3b Anordnung nach Anspruch 2, auBerdem ge- 
kennzeichnet durch einen Zeitgeber (40) zum 
Liefern einer Folge von Taktimpulsen, sowie 
dadurch, daB darin eine von dem Empfang der 
Taktimpulse gesteuerte Adressierchaltung im- 
plementiert ist, wobei der weitere Speicher (50) 
Folgen von Taktimpulsen speichert, die der 
Differenz zwischen der ausgewahlten Frequenz 
und der vorbestimmten Frequenz entsprechen, 
wobei eine Folge von Taktimpulsen des weite- 
ren Speichers (50) mit einer Folge von Taktim- 
pulsen des Zeitgebers verkoppelt ist, um ein 
Sperren und Freigeben der Taktimpulse des 
Zeitgebers zum Verandern des HochzShlbetra- 
ges der Adressierschaltung zu erhalten. 

4. Anordnung nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Umschaltungsschaltung ein 
Tor (44) aufweist, das zwischen den Zeitgeber 
und die Adressierschaltung geschaltet ist, um 
das Sperren und Freigeben der Taktimpulse 
des Zeitgebers durchzufUhren. 

5. Anordnung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die CPU an die Phasenschieber 
und an die Adressierschaltung (46) angekop- 
pelt ist, um die Phasenschieber voreinzustellen 
und um die Adressierschaltung zum Schwen- 
ken eines Antennenstrahles bei der vorbe- 
stimmten Frequenz voreinzustellen. 

6- Anordnung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB die in dem weiteren Speicher 
(50) abgespeicherten Folgen von Taktimpulsen 
einen Satz von mit unterschiedlichen zeitlichen 
Abstanden voneinander beabstandeten Taktim- 
pulsen (54) aufweist, wobei sich das Format 
der Abstande der Taktimpulse fOr eine Fre- 
^quenz^von-^Strahlungsenergie innerhalb des 
vorausgewahlten Frequenzbandes von dem 
Format der Abstande der Taktimpulse fOr eine 
andere Frequenz der Strahlungsenergie inner- 
halb des vorausgewahlten Frequenzbandes un- 
terscheidet, wodurch die durchschnittliche Im- 
pulswiederholungsfrequenz der gespeicherten 
Folge von Taktimpulsen bei einer Frequenz . 
der Strahlungsenergie von der durchschnittli- 
chen Impulswiederholungsfrequenz der gespei- 
cherten Folge von Taktimpulsen bei einer an- 
deren Frequenz der Strahlungsenergie diffe- 
riert. 

7. Anordnung nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die mit jedem Schritt des schritt- 
weisen Schwenkens erfolgende, auf die Anten- 
ne bezogene Richtungsanderung geringer ist, 
als eine Strahlbreite, um einen kontinuieriich 
geschwenkten Strahl bei einer Vielzahl von 



voneinander abweichenden Frequenzen inner- 
halb des vorausgewahlten Frequenzbandes der 
Strahlungsenergie anzunShern. 

5 8. Verfahren zum schrittweisen Scannen einer 
phasengesteuerten Gruppenantenne zum Be- 
trieb bei einer ausgewahlten Frequenz inner- 
halb eines vorausgewahlten Frequenzbandes, 
das durch eine erste Frequenz und eine zweite 

10 Frequenz definiert ist, wobei ein Satz von Pha- 

senschiebern (24, 30) an Strahler (22) der An- 
tenne angekoppelt ist, um der Strahlungslei- 
stung der Strahler eine Phasenverschiebung zu 
erteilen; 

75 gekennzeichnet durch: 

(a) Speichem eines Satzes von Phasenver- 
schiebungskommandos in einen Speicher 
(34) als Funktion des Strahlwinkels fUr jeden 
der Phasenschieber bei einer vorbestimm- 

20 ten Strahlungsfrequenz innerhalb des Fre- 

quenzbandes; 

(b) aufeinanderfolgendes Adressieren des 
Speicherinhaltes, um ein Schwenken eines 
Strahles bei der vorbestimmten Frequenz 

25 der Strahlung der Antenne zu erhalten; und 

(c) Verandern des Adressierens in einer 
Folge von Adressen fUr das Schwenken, 
wobei das Verandern als Funktion der Diffe- 
renz zwischen der vorbestimmten Frequenz 

30 und der ausgewahlten Frequenz der Strah- 

lungsenergie vorgenommen wird, um einen 
Ausgleich in der Beziehung von vorgegebe- 
ner Phasenverschiebung gegen die ausge- 
wahlte Frequenz als eine Funktion des 

35 Strahlwinkels vorzusehen. 

9. Verfahren nach Anspruch 8, dadurch gekenn- 
zeichnet, daB das Adressieren durch Erhohen 
einer AnzahL von -Taktimpulsen .(40) -erretcht 

40 wird und daB das Verandern durch Ausblenden 

(Ober 44) gewisser Taktimpulse erreicht wird, 
um eine durchschnittliche Wiederholfrequenz 
von gezahlten Taktimpulsen zu liefern, die als 
Funktion der Differenz zwischen der vorbe- 

45 stimmten Frequenz und der ausgewahlten Fre- 

quenz der Strahlungsenergie der Antenne ver- 
andert ist. 

10. Verfahren nach Anspruch 9, dadurch gekenn- 
50 zeichnet, daB das Ausblenden durch Speichem 

von Folgen von Taktimpulsen (54) erreicht 
wird, die voneinander durch zeitliche Abstande 
unterschiedlicher Grdfie beabstandet sind. 

55 11- Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daB das Ausblenden darUberhinaus 
durch Verandern der zeitlichen Abstands der 
gespeicherten Folgen als Funktion eines Ab- 
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tastwinkels (50) erreicht wird, urn bei Frequen- 
zen zwischen der ersten und der zweiten Fre- 
quenz einer Erh5hungsrate zu Hefern, die 
gleich einer Erhohungsrate bei der vorbe- 
stimmten Frequenz von Strahlungskeulen ist, 5 
die im wesentlichen in Normalenrichtung zu 
der Gruppe ausgerichtet sind. 

12. Verfahren nach Anspruch 11, auBerdem ge- 

kennzeichnet durch ein Hinzunehmen von Pha- io 
senverschiebungskommandos durch Zahlen 
von Erhdhungsimpulse einer Folge derartiger 
Impulse eines gespeicherten Phasenverschie- 
bungskommandos, wobei das Zahlen ein Aus- 
geben eines sich ergebenden Zahlergebnisses 75 
an Phasenschieber einschlieBt, die mit Strah- 
lern der Antenne verbunden sind. 

Revendications 

20 

1. Structure d'antenne h frequences multiples 
congue pour fonctionner & uns frequence se- 
iectionnee dans une bande de frequences pr6- 
seiectionnee qui est definie par une premiere 
frequence et une seconde frequence, cette 25 
structure comprenant : 

une antenne-r^seau h balayage par d6pha- 
sage (20); 

un ensemble de dephaseurs (24, 30) 
connectes & des elements (22) de I'antenne 30 
pour communiquer un dephasage & T^nergie 
rayonnante des elements; 

une memoire (34) connectee aux d^pha- 
seurs pour commander le dephasage de de- 
phaseurs respectlfs afin de pointer un faisceau 35 
de Tdnergie rayonnante & la frequence seiec- 
tionnee selon un angle command^ par rapport 
& I'antenne; 

— : ..-un- circuit d'adresse (46) destine & adres- 

ser la memoire avec ('angle command^ pour 40 
produire le dephasage precite; et 

un circuit de* modification (38, 48, 50, 52) 
connect^ au circuit d'adresse (46) pour modi- 
fier I'adresse conform^ment h un changement 
de la frequence seiectionnee de I'energie 45 
rayonnante; 

caracterisee en ce que : 

la memoire (34) enregistre seulement des 
dephasages qui sont associ£s & une frequence 
pt666\erm\n6e dans la bande de frequences; 50 
et 

le circuit de modification comprend une 
memoir© supplemental (50) qui enregistre un 
ensemble de donnees pour chaque angle entre 
le faisceau et une normale au reseau et pour 55 
chacun des elements, de fagon k modifier 
I'adresse precitee d'une quantite qui compen- 
se pratiquement le changement de la frequen- 



ce, seiectionnee, afin d'obtenir pratiquement le 
dephasage exige pour Tangle de faisceau 
commande, pour le rayonnement h la frequen- 
ce seiectionnee changee. 

2. Une structure selon la revendication 1 , caracte- 
risee en outre par une unite centrale de traite- 
ment (UC, 38), connectee au circuit d'adresse 
pour produire une sequence d'adresses pour 
un balayage pas & pas du faisceau de rayon- 
nement. 

3. Structure selon la revendication 2, caracterisee 
en outre par un gen£rateur de signaux de 
temps (40) qui est destine k produire une 
sequence d'impulsions d'horloge, et dans ta- 
quelle le circuit d'adresse est congu de fagon 
& fonctionner sous la dependance de la recep- 
tion des impulsions d'horloge, la memoire sup- 
plemental (50) enregistrant des sequences 
d'impulsions d'horloge qui correspondent h la 
difference entre la frequence seiectionnee et la 
frequence predeterminee, un train d'impulsions 
d'horloge provenant de la memoire supple- 
mental (50) etant associe a un train d'impul- 
sions d'horloge provenant du generateur de 
signaux de temps, pour realiser une transmis- 
sion selective des impulsions d'horloge du ge- 
nerateur de signaux de temps, afin de modifier 
la valeur de Incrementation du circuit d'adres- 
se! 

4. Structure selon la revendication 3, caracterisee 
en ce que le circuit de modification comprend 
une porte (44) qui est connectee entre le gene- 
rateur de signaux de temps et le circuit 
d'adresse, pour realiser la transmission selecti- 
ve des impulsions d'horloge du generateur de 

, ^.,.:Signaux de temps. . 

5. Structure selon la revendication 4, caracterisee 
en ce que I'unite centrale est connectee aux 
dephaseurs et au circuit d'adresse (46) pour 
prepositionner les dephaseurs et pour preposi- 
tionner le circuit d'adresse pour le balayage 
d'un faisceau d'energie rayonnante h la fre- 
quence predeterminee. 

6. Structure selon la revendication 4, caracterisee 
en ce que les sequences d'impulsions d'horlo- 
ge qui sont enregistrees dans la memoire sup- 
piementaire (50) comprennent un ensemble 
d'impulsions d'horloge (54) mutuellement es- 
pacees avec des espacements temporels diffe- 
rents, le format d'espacement des impulsions 
d'horloge pour une frequence d'energie rayon- 
nante dans la bande de frequences pres6lec- 
tionnee etant different du format des impul- 
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sions d'horloge pour une autre frequence de 
renergie rayonnante dans la bande de fre- 
quences pr6s6lectionn6e, grace k quoi la fre- 
quence de repetition d'impulsions moyenne de 
la sequence enregistree d'impulsions d'horloge 5 
^ k une frequence de renergie rayonnante diffe- 
rs de la frequence de repetition d'impulsions 
moyenne de a sequence enregistree d'impul- 
sions d'horloge k une autre frequence de 
I'energie rayonnante. io 

7. Structure selon la revendication 6, caracterisee 
en ce que les changements de direction du 
faisceau de rayonnement par rapport k I'anten- 

ne, qui se produisent a chaque pas du balaya- is 
ge pas k pas, sont inferieurs k la largeur du 
faisceau, pour donner une approximation d'un 
faisceau k baiayage continu, a un ensemble 
de frequences difterentes dans la bande de 
frequences preseiectionnee de renergie rayon- 20 
nante. 

8. Un procede de baiayage pas k pas pour une 
antenne-reseau k dephasage par baiayage qui 

est congue pour fonctionner k une frequence 25 
seiectionnee dans une bande de frequences 
preseiectionnee qui est definie par une premie- 
re frequence et une seconde frequence, un 
ensemble de dephaseurs (24, 30) etant 
connecte k des elements (22) de I'antenne 30 
pour communiquer un dephasage k renergie 
rayonnante des elements; 
caracterise en ce que : 

(a) oh enregistre dans une memoire (34) un 
ensemble d'ordres de dephasage en tone- 35 
tion de I'angle du faisceau pour chacun des 
dephaseurs, k une frequence de rayonne- 
ment predeterminee dans la bande de fre- 
quences precitee; 

(b) on adresse sequentiellement cette me- 40 
moire pour effectuer un baiayage d'un fais- 
ceau k la frequence de rayonnement prede- 
terminee de I'antenne; et 

(c) on modifie I'adressage dans une se- 
quence d'adresses pour le baiayage, cette 45 
modification etant effectuee en fonction de 

la difference entre la frequence predetermi- 
nee et la frequence seiectionnee de rener- 
gie rayonnante, dans le but d'introduire une 
compensation dans ia relation du dephasa- so 
ge commande vis-^-vis de la frequence se- 
iectionnee, en fonction de I'angle du fais- 
ceau. 

9. Un procede selon la revendication 8, caracteri- 55 
se en ce que I'adressage est accompli en 
incrementant une valeur de comptage d'impul- 
sions d'horloge (40), et dans lequel la modifi- 



cation precitee est accomplie en transmettaht 
seiectivement en sortie (par I'intermediaire de 
44) certaines des impulsions d'horloge, pour 
produire une frequence de repetition moyenne 
d'impulsions d'horloge comptees qui differe en 
fonction de la difference entre la frequence 
predeterminee et la frequence seiectionnee de 
renergie rayonnante de I'antenne. 

10. Un procede selon la revendication 9, caracteri- 
se en ce que la transmission selective est 
accomplie en enregistrant des sequences 
d'impulsions d'horloge (54) qui sont espacees 
avec difterentes valeurs d'espacement tempo- 
re!. 

11. Un procede selon la revendication 10, caracte- 
rise en ce que la transmission selective est 
accomplie en outre en faisant varier I'espace- 
ment temporel des sequences enregistr6es en 
fonction de I'angle.de baiayage (50), pour don- 
ner une cadence decrementation k des fre- 
quences comprises entre les premiere et se- 
conde frequences, qui est egale k une caden- 
ce decrementation k la frequence predetermi- 
nee, pour des faisceaux de rayonnement qui 
sont diriges pratiquement selon une normale 
au reseau. 

12. Un procede selon la revendication 11, caracte- 
rise en outre en ce qu'on met en oeuvre des 
ordres de dephasage en comptant des impul- 
sions decrementation d'une sequence de tel- 
les impulsions dans un ordre de dephasage 
enregistre, ce comptage comprenant Implica- 
tion d'une valeur de comptage resultante k des 
dephaseurs qui sont connectes k des elements 
rayonnants de I'antenne. 
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